Tryptophan fluorescence reports nucleotide-induced conformational changes in a domain of the ArsA ATPase.
The ars operon of plasmid R773 encodes an ATP-dependent extrusion pump for arsenite and antimonite in Escherichia coli. The ArsA ATPase is the catalytic subunit of the pump protein, with two nucleotide binding consensus sequences, one in the NH2-terminal half and one in the COOH-terminal half of the protein. A 12-residue consensus sequence (DTAPTGHTIRLL) has been identified in ArsA homologs from eubacteria, archebacteria, fungi, plants, and animals. ArsA enzymes were constructed containing single tryptophan residues at either end of this conserved sequence. The emission spectrum of the fluorescence of the tryptophan on the COOH-terminal end (Trp-159) indicated a relatively hydrophilic environment for this residue. An increase in intrinsic tryptophan fluorescence and a blue shift of the maximum emission wavelength were observed upon addition of MgATP, indicating movement of Trp-159 into a relatively less polar environment. No fluorescence response was observed with MgADP, with nonhydrolyzable ATP analogs, or with MgATP by catalytically inactive enyzmes. This suggests that the location Trp-159 is shifted only during hydrolysis of ATP. In contrast, the emission spectrum of Trp-141, located on the NH2-terminal side of the consensus sequence, indicated a relatively nonpolar environment. The maximum emission wavelength red shifted upon addition of MgADP. MgATP slowly produced a response that correlated with product formation, suggesting that the environment of Trp-141 is sensitive only to MgADP binding. Thus, during ATP hydrolysis the COOH-terminal end of the conserved domain moves into a less polar environment, whereas the NH2-terminal end moves into a more hydrophilic environment as product is formed. A hypothesis is presented in which the conserved domain of ArsA and homologs is an energy transduction domain involved in transmission of the energy of ATP hydrolysis to biological functions such as transport.